This step-by-step article describes the technique for cementation of a full metal prosthodontic crown on the maxillary fourth premolar tooth of a dog using a common resin-based cement.
Introduction
Recent reviews have supported full crown restoration as a viable treatment for fractured teeth in dogs. [1] [2] [3] [4] [5] [6] [7] Since clients are increasingly requesting preservation of teeth rather than extraction, veterinary dentists are regularly offering crown restorations for their patients. The fracture resistance of a tooth may be weakened by as much as 85% due to previous traumatic impact. 8 A benefit of overlaying the chewing and/or biting surfaces with a strong casting material in endodontically treated teeth includes distribution of chewing and/or biting forces more favorably to the tooth. 1 Full coverage prosthodontics crowns have been shown to considerably improve the longterm prognosis for vital and endodontically treated teeth in humans. [9] [10] [11] [12] It has been shown in the maxillary fourth premolar of dogs that an increasing amount of tooth structure removed during endodontic access reduces fracture resistance. 13 Placement of full veneer crown restoration will strengthen a fractured or severely abraded and/or traumatized tooth.
14 Partial crowns or "three-quarter crowns" can be used for dogs with trauma from cage biting to protect teeth for further damage. 3 The use of full veneer crown has been shown to exhibit superior retention and resistance compared to partial crowns. 15 The cementation of partial crowns will not be discussed.
Multiple factors such as choice of cementing agent, configuration of the tooth preparation (convergence angle, height to width ratio, surface area, and axial grooves), and margin placement can potentially affect the success of crown restorations. 16 One of the most important aspects is attention to the procedural steps of crown cementation. This step-by-step article describes full coverage prosthodontic crown cementation using commonly available and used resin-based cement a .
Crown Cementation With Resin-Based Adhesive
The steps described here are based upon the product insert. The procedure presented may be unique to a particular product.
Manufacturer's directions should be followed for each individual adhesive.
Inspection of the crown. Upon arrival from the laboratory, the crown and detailed stone model should be inspected for voids, evidence of air bubbles in the stone, and debris located on the internal surface of the crown (Figure 1 ). If the restoration does not fit properly, check to ensure there are no remaining pieces of composite still attached to the tooth crown if a temporary crown was previously present. Remove any persistent composite with a periodontal curette. If debris or an air bubble on the stone model is to blame for the lack of seating, debris can be removed from the internal surface using a variety of instruments or a diamond bur. If the restoration cannot be modified in a way that facilitates a proper fit, impressions should be retaken and submitted for fabrication of a new crown. Request that the inside surface of the crown be etched or sandblasted to improve crown retention in the written prescription for the crown. If the internal surface is not etched/sandblasted, it should be returned to the laboratory. Fortunately, restoration defects occur infrequently.
Cleaning the prepared tooth. The prepared tooth should be cleaned of all calculus and plaque. It should be polished with a nonfluorinated pumice paste ( Figure 2 ). Standard fluoride prophylaxis pastes should not be used for several reasons. Fluoride mineral may reduce restorative bonding ability or reduce the effect of any acid-etching products on the cavity preparation area. Prophylaxis pastes contain oils or waxes which may prevent bonding agents from being effective.
Trial fitting. Place the crown restoration on the prepared tooth of the anesthetized patient prior to cementation to check for a proper fit/seat. The restoration should fit on the tooth smoothly, resting firmly on the cavosurface margin without catching anywhere along the height of the crown. It must not rock or wobble when fully seated. An explorer can be used to verify marginal contiguity of the crown and ensure proper seating of the crown to the tooth. If the crown does not seat to the cavosurface margin, articulating powder sprayed within the metal crown can be used to assess points that may be preventing full seating ( Figure 1 ). Occlusion must be evaluated to ensure that occlusal interference with the opposing tooth does not occur prior to cementing the crown. Common sites of occlusal interference are between the palatal surface of the maxillary fourth premolar and the buccal surface of the mandibular first molar and between the mesial surface of the maxillary canine tooth and the distal surface of the mandibular canine tooth.
Application of metal primer. The metal primer b is a pretreatment agent for conditioning metal and is used to insure the adhesive capability of resins and acrylic ester to dental alloys. The primer enhances chemical bond strength to the metal surface. The principal ingredients of the metal primer are acetone, 10-methacryloyloxydecyl dihydrogen phosphate (MDP), and 6-(4-vinylbenzyl-N-propyl) amino-1,3,5-triazine-2,4-dithione. Apply a thin coating to the clean and dry metal surface with a disposable brush tip ( Figure 3 ) and allow it to react for 5 seconds. After application, dry the entire restoration surface sufficiently using a water-free airflow. If the treated surface becomes contaminated with saliva or exudates after the metal primer is applied, clean the restoration surface with a cotton pellet moistened with ethanol and apply the product again.
Application of an acid etchant.
c When cementing to enamel, apply 40% phosphoric acid to the tooth surface and leave it for 10 seconds. The surface should then be rinsed thoroughly with water and dried. In the past, it was thought that dentin need not be acid etched due to concerns that etching decreased bond strength and durability of the bond. 17, 18 However, newer evidence demonstrates that acid-etching dentin for 10 seconds followed by a primer can significantly increase bond strength. 19 Considering that the average thickness of enamel in cats and dogs is 0.1 to 0.3 mm and 0.1 to 0.6 mm 20 , respectively, it is unlikely, after removing 0.5 mm to 1.0 mm 21 of tooth structure for preparation, that full metal crown restorations would be in contact with anything other than dentin. Enamel will be present at the cavosurface margin with supragingival restorations. It is worth noting that margins occurring on enamel produce improved long-term bond strength with less nanoleakage compared to margins occurring on dentin or cementum. 22 When bonding to enamel and dentin, it has been suggested that etching of the dentin and remaining enamel and use of a 2-step selfetching adhesive may produce the most effective and durable bond ( Figure 4 ). 23 Application of primer to the tooth. The primer should be room temperature prior to application.
d Otherwise, bubbles will form in the liquid when dispensing. Mix equal amounts of the primer liquids labeled A and B. The mixture must be used within 5 minutes of mixing. It is noteworthy to point out that the manufacturer's directions state to apply the mixed primer solution to the tooth surface and leave it for 30 seconds. The author has had clinical success using a disposable brush tip and rubbing it onto the prepared tooth surface for up to 60 seconds ( Figure 5 ). This ensures full coverage of the tooth with the primer. After application, remove any excess primer with a cotton pellet and dry the entire tooth surface gently using water-free and oil-free air. Test the air syringe by blowing against one wrist to ensure no water will be expelled onto the prepared area. Do not rinse. If the treated surface of the tooth is contaminated with saliva or tissue exudates, it must be washed with water, dried, or cleaned with ethanol. When the tooth has been prepared a second time, it must be treated with the primer again. Otherwise, optimal adhesion will be impaired. Upon contact with the cement, the mixed primer initiates setting of the cement. The cement becomes independent of light with primer use. For self-curing, the primer is essential for polymerization. Without use of the primer, the polymerization reaction has been shown to start only after approximately 500 seconds with a final degree of conversion of 50%, whereas a continuous increase in conversion was observed with use of the primer with a final degree of conversion of 74%. 24 The principal ingredients of Liquid A are 2-hydroxyethyl methacrylate (HEMA), MDP), water, N-methacryloyl-5-aminosalicylic acid (5-NMSA), and accelerators. The MDP acts as a self-etchant. Liquid B contains 5-NMSA, water, catalysts, and accelerators.
Mixing and applying cement. The paste should be brought to room temperature for 15 minutes or more after it is removed from the refrigerator; this will restore the normal viscosity and prevent water contamination from condensation. The paste contains a light-cured catalyst that is highly photoreactive. Avoid exposing the material to sunlight from windows. During cementation, turn off the operating light to prevent premature polymerization of the paste. Headlamps should be turned off or a UV filter should be utilized. After the primer has been applied and air-dried, dispense equal and sufficient amounts of pastes A and B (Figure 6 ). At least two 360 rotations of each plunger are required to provide ample cement to coat the inside of the metal crown. Note that the working time is 15 minutes after the paste is dispensed but not mixed.
When ready, mix paste A and paste B for 20 seconds. Unmixed paste will not set up on the pad. Be sure there is no water mist on the paper pad or spatula before using them; the presence of water could shorten the working time of the mixed paste. After mixing, working time is 3 minutes. Apply the mixed paste to the inside of the crown restoration and place it onto the prepared tooth (Figure 7) .
Press and firmly seat the restoration onto the prepared tooth to achieve a proper seating and to extrude excess cement (Figure 8 ). Once the crown is seated, additional pressure is applied to the cusp of the tooth as the cement sets. The paste will begin to cure on contact with the tooth primer. The working time after being placed under pressure (eg, pressing the crown restoration onto the tooth) is 60 seconds; however, some dentists apply pressure for the entire 3-minute setting time. While firmly holding the restoration in place using a gauze square or a disposable brush tip, clean the excess paste from the margin (Figure 9 ). Any paste that has hardened on the gingiva will come off easily. Light cure the cavosurface margin for 20 seconds using a blue LED or a conventional halogen light or for 5 seconds using a plasma arc or fast halogen light (Figure 10 ).
Application of the oxygen blocking gel. The oxygen blocking gel consists of glycerol, polyethylene glycol, catalysts, accelerators, and dyes.
e The anaerobic curing properties do not begin until direct contact has been made between the crown restoration and the primed tooth and contact with oxygen ceases. The gel is an oxygen-blocking agent that allows the paste to polymerize when not light cured.
The gel is applied to the margins to begin the self-curing process. Wait for at least 3 minutes and remove by rinsing and rubbing with a clean gauze square (Figure 11 ).
Clean excess cement from the margin. An increase in marginal plaque accumulation has been shown to occur in crowns with marginal defects and when excess cement is not removed. 25 The following is the suggested sequence of instruments for removal of excess set cement at the periphery of resinbonded metal restorations: hand scalers or curettes (Figure 12 ), fine and very fine high-speed diamond burs, rubber rotary polishers, prophy cup, and prophy paste. 26 Alternatively, a silicone grease-lubricated stone on a low-speed handpiece can be held at 45 to the margin, followed with polishing. 1 The goal is to produce an imperceptible margin that cannot be detected by moving a sharp explorer across the crown-tooth interface ( Figure 13 ). 29 The reader should refer to the package insert for the general precautions for the particular product used.
Discussion
In humans, cementation failure was found to be the second leading cause of crown restoration failure, only exceeded by secondary caries. [27] [28] [29] [30] [31] Another human study listed poorly cemented restorations as the third-leading cause of prosthetic replacement 32, 33 after caries and tooth/crown fractures, 31 with failure occurring after only 5.8 years of postcrown cementation. 36 One study of 32 full veneer metal crowns in dogs reported a 9% (3/32) negative outcome due to inadequate adhesion. 34 Another study of 68 crowns reported a 4.4% (3/ 68) bond failure between the cement and the tooth or crown. 7 Strict adherence to restorative principles will minimize cementation failures. Crown restorations can fail for a variety of reasons, including inadequate resistance and retention, occlusal interference, improper selection of materials or technique when performing the cementation, improper casting by the laboratory, improper technique when preparing the impressions, iatrogenic causes during periodontal therapy, and patientrelated causes.
It is generally accepted that tooth preparation is the most important factor when considering the success of crown restorations. In humans, it has been shown that proper resistance and retention form of the preparation is more important for successful retention than the cement that is used for placement. 35 Increased surface area of the prepared tooth provides more possible mechanical interlocks of the dental cement to the tooth, thereby increasing the force needed to unseat the crown. 33 The surface area of a preparation is largely dictated by the physical dimensions of the preparation (height, diameter, and convergence angle). 40 The veterinary dentist has little control over geometric form of the prepared tooth, supporting the importance of resin cements, which have the strongest bond in all measurable categories.
Cement failures alone are not common empirical observations. Factors such as abutment taper and resistance form, 36 preparation height and diameter, 37 and occlusal interference influence the stresses placed on the dental cement and probably contributes to cement fatigue failure in many instances. Occlusal interference from other teeth may also lead to restoration failure. For example, the palatal surface of maxillary fourth premolar occluding with the buccal surface of the mandibular first molar may cause cement stress leading to cement fatigue failure and eventual restoration failure. Likewise, the mesial aspect of the maxillary canine tooth striking the distal surface of the mandibular canine creates the same cement fatigue failure. Although occlusal interference is never acceptable, resin cements tend to be more forgiving because they are 20 to 130 times amendable in flexure than conventional cements. 38 In one human study of 32 full crown restorations evaluated, 5 (15.6%)had an unsuccessful clinical outcome. Fracture of the tooth accounted for 40% and adhesive/cohesive failure accounted for 60% of the negative clinical outcomes. 33 The choice of cement contributes to the clinical outcome and can compensate for some discrepancies in the framework of the preparation design. 39 For example, the newer resin-based cements have been shown to provide greater retentive force compared to zinc phosphate cements. 40, 41 Even when considering crown preparation, the amount of force required to dislodge a crown cemented onto a die with a convergence angle of 24 and a height of just 4 mm increased by 3.5 times when a resin-based cement was used instead of zinc phosphate. 16 Ultimately, considering the variation in crown preparations in veterinary dentistry (convergence angle, height/width ratios, and surface area), a resin-based cement is recommended. 42 The process of crown cementation must be followed exactly and without variation. Working times must be observed and reagents must be stored properly (eg, refrigerated if necessary, brought to room temperature prior to use, and so on). Any deviation from the steps may lead to failure. In considering restoration failure, one must also consider the patient. Although teeth with full metal restorations are stronger than unprepared control teeth in humans, 43 they can still be fractured by the patient's unruly actions. Prosthodontics may not be well retained in patients with behavior problems. Veterinary studies have reported fracture rates of prosthodontically treated teeth to vary between 6.25% 40 and 12.1%. 44 The application of a prosthodontic crown does not guarantee teeth will avoid future fracture. Operator skill can also lead to fracture of a crowned tooth. Clinical judgment is necessary to strike a fine balance between removing too little hard tissue (resulting in inadequate crown prep margin and possible occlusal issues) and removing excess tooth structure (weakening the tooth unnecessarily).
Hand scaling should be performed on teeth with prosthodontic restorations. Overzealous dental scaling may lead to restoration failure. The application of ultrasonic energy can disrupt the cement bond. 45 Therefore, an ultrasonic scaler should never be used to clean a crown restoration. Ultrasonic scalers cause etching, scratches, pitting, and deformation, thereby causing increased plaque adherence. 46 Improperly sized crown restorations can also lead to failures. Obtaining proper impressions is vital to the manufacture of good restorations. Mistakes include not leaving the impression material on for sufficient time and applying too much force when taking an impression, resulting in rebound. Rebound occurs with use of heavy-bodied materials for impressions with sustained pressure and can cause intrusion of a tooth followed by a rebound extrusion after the impression is removed. The result will be a crown that is high. 47 If the crown is high, it can cause pain or create a malocclusion, leading to repetitive forces and cement failure.
When a restoration does fail, assuming it is retrieved, it should be checked for proper seating. If it does seat properly, the original restoration can be recemented. For recementing, all of the original cement must be removed from the crown restoration and the tooth. The restoration should be cleaned using an ultrasonic scaler and a fine diamond bur, polished with nonfluorinated pumice, followed with an acid etch and thorough washing. The prepared tooth can be cleaned with an ultrasonic scaler and hand instruments followed by polishing with nonfluorinated pumice.
The cement used in this article is a derivative of a dental cement group that was introduced in the 1980s by adding a phosphate ester to the monomer component of Bis-GMA resin. This new dental cement had chemical bonding as well as micromechanical bonding properties to the tooth structure and base metal alloys. 48 The first of these new and unique products to be marketed was Panavia f . Panavia contained the bifunctional adhesive monomer MDP and was a powder/liquid system. The bond strength to the etched base metal was greater than the bond to the tooth; therefore, Panavia quickly became the dental cement of choice for resin-retained fixed partial dentures in human dentistry. It was modified in 1994 to improve bond strength to dentin by including a dentin/enamel primer containing HEMA, N-methacryloyl-5-aminosalicylic acid, and MDP. Under the new name Panavia 21, it was marketed as a 2-paste system. Polymerization required exclusion of oxygen; therefore, a covering gel that blocks oxygen was provided. 49 The current product, Panavia F, is a 2-paste system that is dual cured, self-etching, self-adhesive, and fluoride releasing. Bonding to base metal is good and is optimized by air abrasion with aluminum oxide, followed by use of pyrolized silane. 50 Noble metal bonding is fair after tin plating or abrasion and improved with the use of a newly introduced metal primer. [51] [52] In 2003, Panavia F was modified by the addition of initiators that are receptive to ultraviolet light produced by LED sources. The name was changed to Panavia F 2.0.
Conclusion
If current trends continue, clients will request more advanced dentistry to save their pets' teeth rather than extraction. Quality dentistry, in part, will include the frequent use of crown restorations. For example, in a 10-year period, the author's practice has observed an 80% increase in the frequency of full coverage metal restorations, from a 10-year average of 94 crowns per year to the present 170 crowns per year. It is therefore important for the veterinary dental practitioner to understand the basics of dental cements and the correct procedure for crown cementation. While resin-based cements may significantly improve tensile strength as related to retention form, occlusal interference, patient and iatrogenic stresses, and so on, this beneficial property should never serve as a substitute for meticulous technique in their application or in tooth preparation.
Declaration of Conflicting Interests
The author(s) declared no potential conflict of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article. 
